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Abstract
The thesis mainly deals with the synthesis and characterization of nanocrysatlline metal oxides and mixed metal oxides by hydrothermal method and applied as active electrode materials for their applications in energy storage devices. This thesis is divided into five chapters and each chapter except fourth chapter itself divided into two chapters. The first and second sections of the chapter one gives the detailed overview on the emerging technologies like the nanotechnology and the supercapacitors. An overview of hydrothermal synthesis is also configured. Further, this chapter focuses on the need for the design and development of nano metal oxides for supercapacitor applications. Chapter 2 mainly deals with the synthesis and charectarization of nano SnO, SnO2, SnO2 with alumina in different compositions and with carbon. Electrochemical characterization of these materials were carried out in aqueous electrolytes and compared with the SnO2-Al2O3-Carbon and Carbon nanotubes. Chapter 3 deals with the synthesis of nanocrystalline SnO2/V2O5 in different ratios and their application as active electrode materials for supercapcitor applications in combination with Multi walled carbon nanotudes. Chapter 4 deals with the synthesis of two different nanomaterials called ZnO and Zinc pyrovanadate by simple urea assisted hydrothjermal method and applied as active composite electrodes in combination with carbon nanotubes for aqeous supercapacitor applications. The final chapter of the thesis deals with the synthesis of Ni(OH)2 nanoparticles, an active electrode material in rechargeable alkaline batteries and the study of the composite electrode Ni(OH)2 /SnO2 in alkali solutions.
Chapter 1: This chapter divides into two sections, section 1 describes about the nanotechnology and section 2 gives an overview on the supercapacitors. 
Section 1:  Introduction
    This section gives an overview on the Nanotechnology. It includes a brief introduction to classification of nanomaterials, role of metal oxides in technological applications, synthesis methods for the preparation of nanomaterials. The design and development of nanomaterials with industrial process like hydrothermal and sol-gel is also highlighted. 

Section 2:  Introduction
    This section describes about the technology called supercapacitors, it focuses on the development of technology from capacitors to supercapacitors and different types of supercapacitors in terms of chemical composition. The importance and need for this concept due to increasing demands for electrical energy storage devices in certain current applications was mentioned. 

    This chapter gives a clear description about the nanotechnology and supercapacitors and the application of nanomaterials in supercapacitors.

Chapter 2: Synthesis and Characterization of nanostructured SnO2, and its 
                       composites of alumina and carbon for supercapacitor applications.
 This chapter divided into two sections
Section 1: Synthesis and characterization of nanostructured SnO2, nanostructured 
                  SnO2 dispersed on amorphous alumina, and SnO2 – Al2O3 – carbon 
                  composite oxides
    This section deals with synthesis and characterization of nano crystalline SnO2, SnO2 on alumina , SnO2 – Al2O3 – carbon composites.
    Nanostructured SnO2 dispersed on amorphous alumina and carbon were synthesized by a simple hydrothermal method using urea as hydrolytic agent and simple inorganic salts [SnCl2.2H2O and Al(NO3)3.9H2O] as precursors. The synthesis was carried out in an autoclave at 180°C with an in situ pressure of 12 atmospheres and the powders were calcined at 600, 1000 and 1200°C. Single aluminium oxide and mixed oxides in the molar ratios 1 : 2 and 2 : 1 were also prepared under identical conditions. The oxides were characterized by X-ray diffraction (XRD), magic angle spinning nuclear magnetic resonance spectroscopy (27Al MAS NMR), transmission electron microscopy (TEM), scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDAX), BET surface area, infrared spectroscopy (FT-IR) and X-ray photoelectron spectroscopy (XPS). Quite interestingly, as prepared mixed oxide was formed of nanoSnO2 starting from stannous chloride precursor and of spherical particles in the range of 20–50 nm while Al species was formed as amorphous nano AlOOH. On calcination, AlOOH was transformed to alumina but in all the calcined mixed oxides, alumina was in amorphous phase. Heat treatment reduced the surface area and increased the crystallite size with temperature. It was shown that the nitrate ion present in the hydrothermal solution acts as the internal oxidising agent, thus oxidising SnO to SnO2 and the presence of excess Al precursor favors the formation of stannic oxide only; on the other hand, excess Sn produces both SnO and SnO2 and the yield of SnO2 was directly proportional to ratio of Al precursor.
Section 2: Electrochemical characterization of nano SnO2, and its composites of 
                   alumina and carbon materials for supercapacitor applications.
    This section deals with the electrochemical characterization of SnO2 and its composites of alumina, carbon and with cabon nanotubes as a composite electrodes in aqueous electrolytes for supercapcitor applications. 
    The capacitive behavior of SnO2 was compared to the performance of SnO2–Al2O3, SnO2–Al2O3–carbon and calcined SnO2–Al2O3–carbon using the techniques of cyclic voltammetry, double potential step, chronopotentiometry. In 0.1M NaCl solutions, SnO2–Al2O3 gave the best performance with a value of 119 Fg−1 and cycled 1000 times.


Fig. 1. Cyclic voltammograms of oxide nanoparticles immobilized on PIGE
electrode in 0.1M NaCl solution; scan rate 100 mVs−1; - · -, SnO2; —, Sn–Al;
. . ., Sn–Al–C; - - -, Sn–Al–CC.

In comparison, the cabonnanotubes were added to the mixed oxide SnO2-Al2O3 in a definite ratio as a composite electrode and studied for capacitive behavior. The composite electrode gives the highest specific capacitance value of 246 Fg-1 even after 500 cycles. 
The distinctive features of the present work:
	SnO and SnO2 nanoparticles were successfully synthesized.
	Nano particles of SnO2/AlOOH are synthesized by single step hydrothermal method.
	SnO2, SnO2 and composites with alumina and carbon materials are acts as an active electrode material for supercapcitor applications.
Chapter 3: Hydrothermal synthesis of nano SnO2 -V2O5 and electrochemical characterization of CNT- SnO2 -V2O5 composite electrodes for super capacitor applications
This chapter divides into two chapters
Section 1: Hydrothermal synthesis and characterization of nano SnO2 -V2O5
This section deals with the synthesis and characterization of nanocrystalline SnO2 on V2O5
   




















Fig. 2.     SEM images of a) SnO2-V2O5  (1:2) mixed oxide; b) SnO2-V2O5  (1:1) 
                      mixed oxide; c) TEM image of  SnO2-V2O5  (1:2) mixed oxide; d) TEM 
                      image of SnO2-V2O5 (1:1) mixed oxide; e) TEM image of  SnO2-V2O5  (2:1) 
                                mixed oxide.
SnO2-V2O5 composite oxides in three different ratios 1:1, 1:2 and 2:1 were prepared by a hydrothermal method. These synthesized composites were characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM) and Raman spectra. The results showed that the hydrothermal synthesis method was easy and efficient to synthesize highly disperse SnO2 nanoparticles on V2O5.
Section 2: Electrochemical characterization of CNT- SnO2 -V2O5 composite 
                      electrodes for super capacitor applications
      The electrochemical property of the SnO2-V2O5-CNT composites has been investigated by cyclic voltametry. The specific capacitance of the new composites was significantly improved (156.25 Fg-1) compared to the single metal oxides. The high capacitance was mainly derived from the specific surface area and pore size effect of CNTs and the pseudo-capacitance of SnO2-V2O5. Therefore, the SnO2-V2O5-CNT nanocomposites can be a potential electrode materials applied in the capacitors.
The distinctive features of the present work:
	Nano particles of SnO2/V2O5 in three different ratios were prepared by hydrothermal method.
	These synthesized mixed oxides in combination with Carbon nanotubes were acts as active electrodes for supercapacitor applications. 

Fig.  3.   Comparison of 100th cycle voltammograms of CNT, V2O5, CNT-V2O5, 
             CNT- SV12 (1:2) and CNT- SV11 (1:1) electrodes at the scan rate of 0.1 Vs-1

Chapter 4:  Synthesis of ZnO, α-Zn2V2O7 nanomaterials and Electrochemical 
                    characterization of ZnO/CNT and α-Zn2V2O7/CNT nanocomposites
This chapter divides into four sections 

Section 1: Single step synthesis of bulk Zinc oxide Nanostructures

    This section deals with the single step synthesis of ZnO nanostructures by simple hydrothermal method. ZnO nanostructures were obtained for the first time by one step urea hydrolysis method using zinc nitrate and urea as precursors in aqueous solution. Phase pure ZnO nanostructures can be obtained easily by controlling the concentration of reactants, reaction temperature and time. X-ray diffraction and electron microscopy studies reviled that the prepared ZnO nanostructures can be indexed to spherical and hexagonal wurtzite polycrystalline. 




                           Fig. 4. TEM image of ZnO nano particles


Section 2:  ZnO/CNT nanocomposite electrode material for neutral aqueous 
                   electrochemical supercapacitor
    The multi-walled carbon nanotube – ZnO composite electrodes were prepared by mixing CNT, ZnO nano materials in three different ratios 1:1, 1:2, and 2:1. The results of electrochemical experiments studied by Cyclic voltamettry (CV) indicated that the composite electrode ZnO:CNT (2:1) having larger capacitance values compared to the pure CNT, and the composite electrodes ZnO:CNT (1:1) and ZnO:CNT (1:2). The capacitive behavior of the multi-walled carbon nanotubes (MWNTs)/nano powder composite electrodes like ZnO/CNT is studied by cyclic voltammetry in 0.1M, 0.5M, 1M concentrations of KCl solutions at a scan rate of 100mVs−1. The ZnO/CNT (1:2) electrode provides the best performance, viz., 25.6 F g−1 in 0.5M KCl solutions. And in CV study, all the three composites achieved higher specific capacitances, which were ascribed to the contribution of both double- layer capacitances from CNT and pseudo-capacitance and effect of nano particles from ZnO. 
Section 3: A new α-Zn2V2O7/CNT nanocomposite electrode for an aqueous 
                     supercapacitor
     This section explains for the first time, synthesis of α-Zn2V2O7 nano powders by hydrothermal method in an autoclave followed by thermal decomposition and applied as a new nanocomposite electrode in combination with MWCNT for supercapacitor application in an aqueous electrolyte. The structure and surface morphology of the obtained powders were characterized by X-ray diffraction, transmission electron microscopy and scanning electron microscopy. The capacitive behavior of the composite electrode is evaluated by cyclic voltammetry and galvonostatic charge-discharge in 0.5M aqueous KCl solution. The composite electrodes are prepared by mixing α-Zn2V2O7 and CNT in the ratios of 1:1, 1:2 and 2:1. The results showed that the Zn2V2O7/CNT composites had good capacitor property and displayed different capacitive behaviors depending on the content of CNTs. All these composite electrodes shows good cycling stability up to 500cycles with a loss of not more than 4% of specific capacitance in cyclic voltamettry studies. Their best specific capacitance is up to 44.8 Fg−1 with the composite electrode α-Zn2V2O7/CNT (1:2) in 0.5M KCl solution. 
Section 4: Electrochemical Performance of composite Zn2V2O7/carbon nanotube based electrochemical supercapacitor electrode in different aqueous electrolytes
    This section explains about the cyclic vaoltammetry studies of the nanocomposite electrode α-Zn2V2O7/carbon naotubes screened in different aqueous salt solutions like 0.1M KCl, NaCl, CsCl, LiCl, CaCl2. The composite electrode gives the best specific capacitance value 26 Fg-1 in CsCl (aq) and the smallest value of 16.2 Fg-1 in LiCl (aq). In Comparison studies, by switching the anion of the electrolyte from Cl− to SO42−, there was observed a significant 10% reduction in capacitance, but the CV profiles remain essentially the same.
The distinctive features of the present work:
	Single step synthesis of ZnO nano particles
	α-Zn2V2O7 nanoparticles by hydrothermal method
	ZnO/CNT and α-Zn2V2O7/CNT electrodes for aqueous supercapacitors 
	KCl, NaCl and CsCl were the best aqueous salt electrolytes for α-Zn2V2O7/CNT composite electrode.
Chapter 5: Synthesis and Electrochemical characterization of α-Ni(OH)2   
                   nanoparticles and nanocomposite Ni(OH)2/SnO2  in alkali solutions

This chapter divides into two sections

Section 1: Optimum Conditions to prepare High Yield, Phase pure α-Ni(OH)2 
            Nanoparticles by Urea Hydrolysis and Electrochemical ageing in alkali solutions
      α-Ni(OH)2 was syntheised by hydrothermal method using urea and nickel nitrate in an autoclave. Optimum conditions to obtain high yield and phase pure α -Ni (OH)2 were arrived by varying  experimental parameters like urea concentration, ramp time and temperature.  In a typical experiment, 94% yield of phase pure α-Ni(OH)2 was successfully prepared.  Percentage nickel content analyzed using atomic absorption spectroscopy was found to be 44% in all the seven samples. α-Ni(OH)2 nanoparticles  were characterized by XRD and TEM. BET surface area and tap density of nickel hydroxide nanoparticles were carried out. Electrochemical characterization was done via cyclic voltammetry by immobilizing the nanoparticles on the surface of paraffin impregnated graphite electrodes (PIGE) in 1.0 M alkali solutions and ageing of alpha phase occurs within 27 min. (30 cycles) of exposure in alkali solutions. 
Fig. 5. Cyclic voltammograms of α-Ni(OH)2 immobilized on PIGE electrode in 1.0 M NaOH solutions;  Continuous cycling up to 50 scans.


Section 2: A study on the electrochemical performance of nano composite
                 Ni(OH)2/SnO2  in Alkali solutions
    Nanosized spherical Ni(OH)2 and SnO2 was prepared by the hydrothermal method. Characterization by XRD and TEM showed that it has a typical α (II)-phase structure with the particle size from 10 to 35 nm and spherical SnO2 nano particles with the particle size from 10 to 15 nm. Compared with nanosized Ni(OH)2 electrode, the electrochemical properties of the Ni(OH)2 electrode with 20% nannosized SnO2 addition were studied and, moreover, the influence of nanosized SnO2 addition on the electrochemical performance of nickel hydroxide electrode was discussed. Further, increase in SnO2 content to 30 wt% with Ni(OH)2 a decline in capacitance is observed. Therefore Ni(OH)2  with 20 wt% addition of  SnO2 works as an active electrode with a specific capacitace value 600 Fg-1 and also shows good cycling stability even after 500 cycles with specific capacitance value of 450 Fg-1 much larger than pure Ni(OH)2.  

Fig. 6. Cyclic voltammograms of  Ni(OH)2 (NiOH), nano composite electrode Ni(OH)2 with 10 wt% SnO2 content (NS10), Ni(OH)2/SnO2 with 20 wt% SnO2 content (NS20) and Ni(OH)2/SnO2 with 30 wt% SnO2 content (NS30) in 2.0M NaOH solutions; scan rate 5mVs-1.


The distinctive features of the present work:
	Synthesis of α-Ni(OH)2 nanoparticles with good yields by simple urea assisted hydrothermal method.
	It is noticed that the addition of SnO2 nanoparticles to the pure Ni(OH)2 electrode increases the electrochemical activity of the electrode. 
Significant Achievements
    Metal oxides and a new combination of mixed metal oxide nanomaterials were successfully synthesized by Urea assisted hydrothermal method and are well characterized by various instrumental techniques such as TEM, SEM, EDAX, FT-IR, RAMAN, BET and XPS (ESCA).
	Nano mixed metal oxides like SnO2, SnO2 and its composites with alumina, SnO2-V2O5 gives a very good pseudo capacitance in combination with Carbon nanotubes with its Electrochemical double layer capacitance.
	ZnO/CNT and α-Zn2V2O7/CNT nanocomposites applied as new electrodes for aqueous supercapacitors.
	Electrochemical measurements revealed that the Ni(OH)2 electrode with 20% nanosized SnO2 addition exhibits excellent electrochemical performance, e.g. a very good specific capacitance values, cycling stabilities in aqeous alkali solutions.
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